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Executive Summary 
 Controlled load testing was conducted on the Hoan Bridge in Milwaukee 
Wisconsin.  The structure carries I-794 over the Milwaukee River in Milwaukee 
Wisconsin.  Strain gages were installed at various locations at floorbeam FB5 on the 
northbound structure in unit N2A.  All instrumentation and testing was conducted 
between April 23rd and 30th, 2001, by personnel from Lehigh University’s Center for 
Advanced Technology for Large Structural Systems (ATLSS) located in Bethlehem, PA.   
 The objective of the testing was to gain sufficient information to calibrate the 
detailed finite element model of the shelf plate detail being prepared by FHWA.  In 
addition, the data will provide information that can be used to better define the behavior 
of other details under consideration. 
 
The data collected during the crawl and dynamic tests at Girder E and F have 
been reviewed.  The results of these tests are discussed and summarized in this report.  In 
summary, the following have been observed: 
 
1. Overall, the global behavior of the structure appeared as expected and no unusual 
behavior was observed during the controlled tests or uncontrolled monitoring. 
2. The passage of a single truck produced one dominant stress-range cycle in the 
main girders at the areas of instrumentation. 
3. Live load stresses adjacent to holes drilled in the shelf plate are relatively low.  
Measured stresses adjacent to the shelf plate were less then 5.0 ksi for a single test 
truck in any lane at both girder E and F. 
4. Drilling holes in the shelf plate adjacent to the web/stiffener connection resulted 
in an increase in the live load stress range at both girder E and F due to softening 
of the connection by the addition of the holes. 
5. Although the addition of the holes in the shelf plate reduces constraint and hence 
triaxiality, the increases in stress range (due to increased connection flexibility) on 
fatigue life should be considered. 
6. Comparison of dynamic and crawl tests suggest a dynamic amplification of up to 
15%. 
7. The measurements confirm that nominal stresses were consistent in magnitude to 
measurements made on similar highway bridges at the time of failure. 
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1.0 Introduction 
 On December 13, 2000, large cracks were detected in the steel girders supporting 
one of the southern approach spans.  Two of the three girders had full depth fractures, 
leaving the span near collapse.  The entire roadway, both northbound and southbound, 
was immediately closed to traffic.  On December 28, the most critically damaged section 
of the northbound roadway was removed by explosive demolition.  The southbound 
roadway was re-opened to two-way traffic on February 17, 2001, with weight and speed 
restrictions on bridge traffic.   
This report discusses and summarizes the results of the field testing performed on 
portions of the Hoan Bridge (I-794) over the Milwaukee River in Milwaukee, WI.  The 
results of these measurements will be used to calibrate the detailed finite element model 
being prepared by the Federal Highway Administration (FHWA) at the Turner-Fairbanks 
Research Laboratory so that parametric studies can be carried out on the shelf plate 
detail.  Only the results of the crawl tests will be discussed in this report. 
The entire structure consists of several girder approach spans on ether side of a 
three-span tied arch.  The portion of the structure under investigation is a three-span 
continuous plate girder bridge on the north side of the tied arch.  The framing plan of this 
unit is nearly identical to that containing the failed span (A schematic of the framing plan 
is included in Appendix B).  Instrumentation was concentrated at floorbeam five (FB5) 
which is located in the end span of the three-span unit (See Figure 1.1).  The spans are 
213ft long and consist of three plate girders with “K” type wind bracing (See Figure 1.2).  
The three plate girders are about 10ft deep and are spaced 24ft-6in.   
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Figure 1.1 – Photograph of elevation view of west face of bridge.  The instrumented span 
is to the east in the photograph (Note end span of the tied arch to the right in photograph) 
 
 
 
 
 
 
Figure 1.2 – Photograph of underside of bridge showing “K: bracing details 
 
Instrumented Span 
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2.0 Instrumentation 
The following section describes the instrumentation plan used during the field 
testing.   
 
2.1 Strain Gage Plan and Details 
The strain gage plan was developed to gain sufficient information to verify a detailed 
finite element model being prepared by FHWA.  In addition, the effects of drilling retrofit 
holes in the shelf plate at the intersection of the shelf plate and transverse connection plate 
were also investigated.  After a given hole was drilled, additional strain gages were installed 
and tests conducted.  The data will also be used to estimate the level of live load stresses in 
the girders at the time of failure.  “As built” strain gage plans detailing the locations of all 
strain gages can be found in Appendix A.   
Both bondable and weldable resistance strain gages were installed.  All strain 
gages were wired as quarter-bridge circuits using a three-wire configuration and were 
temperature compensated for use on structural steel.  Excitation voltage varied from 2V 
to 10V, depending on the type of gage used.   
All uniaxial weldable gages installed in the field were produced by Measurements 
Group Inc. and were 0.25 in. gage length type LWK-06-W250B-350.  The gage 
resistance was 350Ω and an excitation voltage of 10 Volts was used.  The gages where 
installed at locations where access was good and the effects of very high strain gradients 
were not a concern. 
Weldable type strain gages were selected due to ease of installation in a variety of 
weather conditions.  The “welds” are a point or spot resistance weld about the size of a 
pin prick.  The probe is powered by a battery and only touches the foil that the strain gage 
is mounted on by the manufacturer. This fuses a small pin size area to the steel surface.  It 
takes many of these dots to attach the gage to the steel surface.  There are no arc strikes 
or heat affected zones that are discernible.  There is no preheat or any other preparation 
involved other than the preparation of the local metal surface by grinding and then 
cleaning before the gage is attached to the component with the welding unit.  There has 
never been an instance of adverse behavior associated with the use of weldable strain 
gages including their installation on extremely brittle material such as A615 Gr75 steel 
reinforcing bars. 
At locations where clearance was limited and strain gradients were expected to be 
high, smaller bondable uniaxial strain gages were utilized.  These gages were also 
produced by Measurements Group Inc. and were 0.125 in. gage length type CEA-06-
125UN-350.  These gages are a general purpose resistance strain gage fully temperature 
compensated for use on structural steel.  The gage resistance was 350Ω and the excitation 
voltage was 5 Volts. 
At locations where clearance was restricted and information pertaining to the 
strain gradient was of interest, bondable “strip” gages where used.  These were also 
produced by Measurements Group Inc. and were type EA-06-031MF-120.  Each strip 
gage consists of ten (10) evenly spaced gages in a line.  The gage length of each 
individual gage is very short, 0.031in.  The total gage length is 0.79in (i.e., the distance 
from gage 1 to gage 10).  These gages were typically placed immediately adjacent to a 
weld toe at a web gap (See Figure 2.1).  Altogether, four 10 channel and two 5 channel 
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strip gages were installed.  The gage resistance was 120Ω and an excitation voltage of 2 
Volts was used. 
 
 
 
Figure 2.1 – Photograph of typical strip gage installed 
after a hole was drilled in the shelf plate 
 
All gages were protected with a multi-layer system and then sealed with a silicon 
type agent.  Where required, wire connections were soldered and electrically insulated 
with heat shrink tube.   
 
Web 
10 Channel 
Strip Gage 
Transverse 
Connection 
Plate 
Shelf Plate 
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2.2 Summary of Strain Gage Installations 
 The following section summarizes the gage plan.  A detailed gage plan showing 
the locations of all gages is provided in Appendix A.  
 
2.2.1 Gages on Main Girders 
 Uniaxial weldable strain gages were installed on the web and flange of girders E 
and F in order to establish the level of live load stress in the main girders.  Using the data 
from the gage on the flange and web, the location of the neutral axis can be estimated.  
Although the Hoan bridge was designed as non-composite, field measurements on non-
composite highway bridges consistently demonstrate that some level of composite action 
always exists as a result of friction and bond between the top girder flanges and concrete 
slab. 
 
2.2.2 Gages Installed on Lateral Braces (WT sections) 
 Uniaxial weldable strain gages were installed on each WT lateral brace that 
framed into the panel point at girder E and girder F.  Three gages were installed on each 
member, one on the web and two on the bottom of the bottom flange.  The gages were 
installed 5 ft-0 in. from the centerline of the panel point (i.e., intersection of FB5 and the 
web) to avoid any potential shear lag or local effects in the WT.  The installation of three 
gages permitted the proportion of axial and bending stresses in the member to be 
determined. 
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3.0 Test Program - Summary 
The test program only included controlled load tests.  Since the northbound structure 
was closed to traffic at the time of testing, no uncontrolled monitoring could be conducted.  
The controlled tests utilized a loaded vehicle that traveled across the structure at crawl 
speeds (<5mph).  Dynamic speed runs were also conducted at target speeds of 40mph.  A 
few static tests were conducted with the rear axle group of the test truck parked directly over 
floorbeam FB5.  In order to simulate two trucks crossing side-by-side and passing, a few 
tests were conducted utilizing the test truck and the “Reach All” inspection vehicle.  Only 
crawl tests were conducted with the two trucks. 
During the tests, time history data were collected at a minimum sampling rate of 
100Hz per channel for all crawl and dynamic tests.   
 
3.1 Controlled Load Tests 
A series of controlled load tests were conducted using a test truck of known load and 
geometry.  Figure 3.1 is a photograph of the test truck (right) and the “Reach All” (left) 
parked on the bridge deck.  Both trucks possessed a “floating” third rear axle.  This axle can 
be lowered using air pressure in order to distribute the rear load to three axles.  The third 
axle was in the “up” position for all controlled load tests.  The test truck was essentially 
identical to that used during the testing conducted in February of 2001 by Northwestern 
University. 
 
 
 
Figure 3.1 – Photograph of test trucks utilized during the controlled load tests 
 
The gross vehicle weight (GVW) of the test truck was 67,900 lbs.  The truck was 
provided by the Wisconsin DOT and was labeled as Truck # 44.  Tables 3.1 and 3.2 
summarize the axle loads and geometry of the test truck.  The Reach All under bridge 
inspection vehicle was also provided by the Wisconsin DOT and weighed 66,400 lbs.  As 
can be seen in Table 3.1, the GVW and overall geometry of the trucks were similar.  Hence, 
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it was reasonable to conduct tests with the two trucks side-by-side to simulate the 
simultaneous passage of trucks. 
 
Test  
Description 
Rear Axle 
Type 
Front Axle 
Load (lb) 
First Rear 
Axle Load (lb) 
Second Rear 
Axle Load (lb) 
GVW1 
(lb) Comment 
Tandem2 26,650 20,850 20,400 67,900 Dump Truck (#44)3 
Tandem2 25,300 20,300 20,000 65,600 Dump Truck (#44)3 
Controlled 
Load Tests 
Tandem2 12,800 26,700 26,900 66,400 
Wisconsin DOT 
Reach all 
(#860) 
 
Notes  
1. GVW=Gross Vehicle Weight 
2. Both trucks had a floating third rear axle that was in the “up” position for all tests. 
3. The test truck (truck # 44) was unloaded over the weekend.  The truck was reloaded and weighed on Monday, April 
30th for the subsequent testing. 
 
Table 3.1 - Test truck axle load data 
 
Truck2  L1 (in) 
L2 
(in) 
Wf 
(in) 
Wr 
(in) 
A1 
(in) 
B 
(in) 
C 
(in) 
D1 
(in) 
E 
(in) 
Dump Truck 
# 44 200 50 77.5 77 - 14.5 
See 
Note 3 - 14.5
3 
Reach-All 191.5 67 81 71.5 - 11.75 22 - 9 
Notes  
1. This dimension was not measured. 
2. Both trucks had a floating third rear axle that was in the “up” position for all tests. 
3. The test truck #44 did not have dual rear tires.  The rear tandem of the truck consisted of four 14.5 inch wide tires. 
 
 
Table 3.2 – Geometry of trucks used for controlled load tests 
 
 
The position and speed of the test truck was noted by an ATLSS research engineer 
who rode with the driver during the first set of crawl and dynamic tests.  Once the driver 
was familiarized with the test program, he was provided with a radio and permitted to 
conduct the tests while receiving direction from the ATLSS Engineer.  For all subsequent 
tests, the speed and lane position of the test truck were also recorded.   
WrWf
L1 L2
B
C
A 
E 
D
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3.2  Tests Conducted on Girders E and F 
Controlled load tests were conducted in multiple phases on both girders E and F.  
Details pertaining to these tests are discussed below.  The lane positions (i.e., lane 1, lane 2, 
etc) are illustrated in Figure 3.3.  Each of the controlled load tests was repeated in order to 
ascertain the variability associated with the behavior of the structural system.  In this report 
for each set of tests (e.g., crawl tests conducted in lane two), a “typical” response data set 
was selected which best represents that set of tests.  The specific test selected is indicated 
with bold text in Tables 3.3 to 3.7.  These data were selected based on a review and 
comparison of data from duplicate tests.  The data were found to be repeatable and 
consistent. 
 
3.2.1 Tests Conducted on Girder F 
The first phase of tests were conducted after instrumentation was installed on girder 
F, (the east exterior girder of the span).  Crawl and dynamic tests were conducted.  Upon 
completion of these tests, a 1.75in diameter (nominal) hole was drilled in the shelf plate on 
the northwest side of the transverse connection plate (see Figure 3.2). 
 
 
 
Figure 3.2 - Photograph of a hole drilled in the shelf plate at Girder F after first set of 
controlled load tests were conducted 
 
After the hole was drilled and inspected, a set of crawl tests were conducted.  Tests 
conducted on girder F before and after the hole was drilled are summarized in Tables 3.3 
and 3.4 respectively.  Details pertaining to the instrumentation installed on and adjacent to 
girder F can be found in Appendix A. 
 
Hole in 
Shelf Plate 
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Test # File Name Travel Direction Lane 
Speed 
(mph) Comments 
1 L1_crl1.dat Northbound 1 Crawl - 
2 L1_crl2.dat Northbound 1 Crawl - 
3 L1_crl3.dat Northbound 1 Crawl - 
4 L2_crl1.dat Northbound 2 Crawl - 
5 L2_crl2.dat Northbound 2 Crawl - 
6 L2_crl3dat Northbound 2 Crawl - 
7 L3_crl1.dat Northbound 3 Crawl - 
8 L3_crl2.dat Northbound 3 Crawl - 
9 L3_crl3.dat Northbound 3 Crawl - 
11 L3_dyn1.dat Northbound 3 40 - 
12 L3_dyn2.dat Northbound 3 40 - 
13 L3_dyn3.dat Northbound 3 40 - 
14 L2_dyn1.dat Northbound 2 40 - 
15 L2_dyn2.dat Northbound 2 40 - 
16 L2_dyn3.dat Northbound 2 40 - 
17 L1_dyn1.dat Northbound 1 40 - 
18 L1_dyn2.dat Northbound 1 40 - 
19 L1_dyn3.dat Northbound 1 40 - 
 
 
Table 3.3 - Summary of tests conducted on girder F prior to drilling holes in shelf plate 
 
 
Test # File Name Travel Direction Lane 
Speed 
(mph) Comments 
20 L3crl_1h.dat Northbound 3 Crawl - 
21 L3crl_2h.dat Northbound 3 Crawl - 
22 L2crl_1h.dat Northbound 2 Crawl - 
23 L2crl_2h.dat Northbound 2 Crawl - 
24 L1crl_1h.dat Northbound 1 Crawl - 
25 L1crl_2h.dat Northbound 1 Crawl - 
 
 
Table 3.4 - Summary of tests conducted on girder F after drilling holes in shelf plate 
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3.2.2 Tests Conducted on Girder E 
 Three series of tests were conducted on girder E.  Testing began after a hole was 
drilled in the south west corner of the shelf plate where it intersects the transverse 
connection plate.  A ten-channel strip gage was installed as near to the web gap created by 
the hole as possible (see Figure 2.1).  The tests that were conducted after this initial hole was 
drilled are listed in Table 3.5.   
 Next, a second hole was drilled on south east corner of the shelf plate and another 10 
channel strip gage was installed as described above.  A second set of tests were then 
conducted as summarized in Table 3.6. 
 Two more holes were drilled in the shelf plate at the north east and north west 
corners of the shelf plate adjacent to the web.  Adjacent to each of these holes a five channel 
strip gage was installed.  However, only three of the gages were connected to the data 
acquisition system, specifically gages 1, 3, and 5.  Additional tests were conducted as 
summarized in Table 3.7.   
 The location of the strain gages installed at girder E are shown in Appendix A. 
 
Test # File Name Travel Direction Lane 
Speed 
(mph) Comments 
26 L3_crl1.dat Northbound 3 Crawl CH_74 Not working 
27 L3_crl2.dat Northbound 3 Crawl - 
28 L3_crl3.dat Northbound 3 Crawl - 
29 L2_crl1.dat Northbound 2 Crawl - 
30 L2_crl2.dat Northbound 2 Crawl - 
31 L2_crl3dat Northbound 2 Crawl - 
32 L1_crl1.dat Northbound 1 Crawl - 
33 L1_crl2.dat Northbound 1 Crawl - 
34 L1_crl3.dat Northbound 1 Crawl - 
35 L3_dyn1.dat Northbound 3 40 - 
36 L3_dyn2.dat Northbound 3 40 - 
37 L3_dyn3.dat Northbound 3 40 - 
38 L2_dyn1.dat Northbound 2 40 CH_74 Repaired for rest of tests on Girder E 
39 L2_dyn2.dat Northbound 2 40 - 
40 L2_dyn3.dat Northbound 2 40 - 
41 L1_dyn1.dat Northbound 1 40 - 
42 L1_dyn2.dat Northbound 1 40 - 
43 L23_CRL1.dat Northbound 2 & 3 Crawl Mack Lane 2, Reach All Lane 3  Side by Side 
44 L12_CRL1.dat Northbound 1 & 2 Crawl Mack Lane 1, Reach All Lane 2  Side by Side 
45 L23_CRL2.dat Northbound 2 & 3 Crawl Mack Lane 2 Reach All Lane 3  Mack 10’-15’ ahead of Reach All 
46 L12_CRL2.dat Northbound 1 & 2 Crawl Mack Lane 1, Reach All Lane 2 Mack 10’-15’ ahead of Reach All 
 
 
Table 3.5 - Summary of tests conducted on girder E 
after drilling first hole in shelf plate 
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Test # File Name Travel Direction Lane 
Speed 
(mph) Comments 
47 L1crl_b1.dat Northbound 1 Crawl - 
48 L1crl_b2.dat Northbound 1 Crawl - 
49 L1crl_b3.dat Northbound 1 Crawl - 
50 L2crl_b1.dat Northbound 2 Crawl - 
51 L2crl_b2.dat Northbound 2 Crawl - 
52 L3crl_b1.dat Northbound 3 Crawl - 
53 L3crl_b2.dat Northbound 3 Crawl - 
54 L1dyn_b1.dat Northbound 1 40 - 
 
 
Table 3.6 - Summary of tests conducted on girder E 
after drilling second hole in shelf plate 
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Test # File Name Travel Direction Lane 
Speed 
(mph) Comments 
55 L1_crlC1.dat Northbound 1 Crawl - 
56 L1_crlC2.dat Northbound 1 Crawl - 
57 L1_crlC3.dat Northbound 1 Crawl - 
58 L2_crlC1.dat Northbound 2 Crawl - 
59 L2_crC2.dat Northbound 2 Crawl - 
60 L2_crlC3dat Northbound 2 Crawl - 
61 L3_crlC1.dat Northbound 3 Crawl - 
62 L3_crlC2.dat Northbound 3 Crawl Stopped data acquisition short 
63 L1_dyn1.dat Northbound 1 40 - 
64 L1_dyn2.dat Northbound 1 40 - 
65 L2_dyn3.dat Northbound 2 40 - 
66 L2_dyn1.dat Northbound 2 40 - 
67 L3_dyn2.dat Northbound 3 40 - 
68 L3_dyn3.dat Northbound 3 40 - 
69 L1prk_C1.dat Northbound 1 Park 
70 L1prk_C2.dat Northbound 1 Park 
71 L2prk_C1.dat Northbound 2 Park 
72 L2prk_C2.dat Northbound 2 Park 
73 L3prk_C1.dat Northbound 3 Park 
74 L3prk_C2.dat Northbound 3 Park 
Rear axles of test truck  
centered over FB 5 
 
 
Table 3.7 - Summary of tests conducted on girder E 
after drilling all four holes in shelf plate 
 
 
 
 
 
 
 
Figure 3.3 – Location of lane numbers as identified during controlled load testing    
(View looking northbound) 
Lane 1 Lane 2 Lane 3
Girder D Girder E Girder F
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4.0 Results of Crawl Tests 
As shown in Tables 3.3 to 3.7, a series of crawl tests were conducted before and 
after holes were drilled at the web/connection plate/shelf plate intersection.  The results 
of these tests will be discussed in this section.  Girders E and F will be considered 
separately, however, comparisons will be made as required to aid in the interpretation and 
discussion of the results. 
 The primary objective of the instrumentation program was to collect sufficient 
data to calibrate the finite element model being developed by FHWA.  In addition, the 
effects of field drilling holes in the shelf plate on measured stresses were also 
investigated.  This was accomplished by adding strain gages at selected locations and 
repeating load tests.   
In order to calibrate the finite element model, the stress range produced by the 
test truck(s) is not the primary concern, but rather the magnitude of the peak stress at a 
given instant in time.  Hence, in the subsequent tables, two pieces of information are 
presented.  First is the “static” stress at a selected instant in time.  The precise point 
presented was selected at the instant in time when the measurements made at a selected 
gage were maximized.  All other measurements presented from other gages (e.g., flanges, 
braces, webs) are from the same instant in time.  Since the strip gage that contained 
channels CH_41 through CH_50 was installed first, this gage was used as the base line 
for comparison.  The geometry in this condition (which also contains strip gage CH_41-
CH_50) most closely resembles the condition of the interior girder at the time of failure.  
Hence, this is a reasonable gage to use as a baseline and to compare the effects of drilling 
additional holes. 
The second set of information provided is the stress range measured as the 
truck(s) crossed the span.  The stress range will be greater than or equal to the static 
stress. 
In addition, data from Girder E are also plotted in Appendix C for selected tests 
and channels. 
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4.1 Girder E – Results of Crawl Tests  
For the tests described below, uniaxial strain gages were installed on all WT 
bracing members that framed into the panel point and on the flange and web of girder E.  
In addition, multi-channel strip gages were installed as close as possible to holes drilled 
in the shelf plate, as shown in Figure 3.2.  The exact locations of these strain gages are 
shown on the plans contained in Appendix A.  Tests were repeated and data were found 
to be repeatable and consistent.   
 
4.1.1 Single Hole in Shelf Plate 
After drilling a single hole in the south west corner of the shelf plate, a ten-
channel strip gage was installed adjacent to the hole.  The channel numbers of this gage 
were CH_41 through CH_50, with channel CH_41 located adjacent to the weld toe of the 
transverse connection plate.  The results of these tests are summarized in Table 4.1. 
Figures 4.1, 4.2, and 4.3 present the response of selected channels from the strip 
gage installed on the web of girder E adjacent to the hole in the shelf plate.  For these 
tests, the test truck was located in lanes one, two, and three, respectively.   
 
Figure 4.1 - Stresses at strip gage installed adjacent to hole in southwest shelf 
plate of girder E.  (Test truck located in lane 1, crawl speed) 
CH_41 
CH_42 
CH_44 CH_45 
CH_47 CH_50 
CH_43 
Sec 
ks
i 
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Crawl Tests – Static Stress 
(ksi) 
Crawl Tests - Stress Range 
Sr (ksi) Chan # Gage 
Lane 1 
(4616)1 
Lane 2 
(4180)1 
Lane 3 
(2760)1 Lane 1 Lane 2 Lane 3 
CH_41 2.31 1.70 -0.31 2.54 2.02 1.11 
CH_42 1.90 1.47 -0.12 2.15 1.62 0.88 
CH_43 1.47 1.21 0.33 1.49 1.42 0.68 
CH_43 1.40 1.12 0.65 1.54 1.42 0.86 
CH_45 0.87 0.92 0.88 0.99 1.21 1.04 
CH_46 0.91 0.99 1.08 0.95 1.17 1.23 
CH_47 0.40 0.87 1.27 0.78 1.28 1.56 
CH_48 Bad Channel 
CH_49 -0.04 0.50 1.17 0.52 0.87 1.30 
CH_50 
Strip 
gage at 
first hole 
drilled in 
shelf 
plate – 
(south 
west 
side) 
-0.04 0.46 0.93 0.36 0.72 0.81 
CH_71 0.22 0.34 0.43 0.31 0.42 0.54 
CH_722 -0.85 -0.83 0.34 0.85 0.85 0.59 
CH_73 
East 
Strut 
0.17 0.27 0.37 0.20 0.31 0.45 
CH_74 Bad Channel 
CH_752 0.03 -0.09 -0.14 0.15 0.17 0.20 
CH_76 
S.E. 
Diagonal 
-0.09 0.08 0.42 0.34 0.39 0.55 
CH_77 0.24 0.44 0.32 0.49 0.50 0.44 
CH_78 0.17 0.35 0.23 0.41 0.38 0.27 
CH_792 
West 
Strut 
0.64 -0.25 -0.93 0.69 0.41 0.98 
CH_80 0.21 0.09 -0.01 0.27 0.14 0.20 
CH_81 0.54 0.31 -0.12 0.66 0.35 0.46 
CH_822 
S.W. 
Diagonal 
-0.15 -0.13 -0.03 0.22 0.17 0.19 
CH_83 2.02 2.13 1.00 2.43 2.44 1.18 
CH_84 1.20 1.95 2.58 1.53 2.27 2.98 
CH_85 0.81 2.18 2.49 0.95 2.51 3.02 
CH_86 
Web at 
gusset 
weld toes
2.77 2.80 1.50 3.15 3.05 2.08 
CH_87 Web 0.56 0.68 0.28 0.64 0.80 0.72 
CH_88 Bot. flng 0.88 1.16 0.50 1.01 1.28 1.20 
Notes: 
1. Refers to the specific scan number for the listed data. 
2. Gage located on web of WT 
 
 
Table 4.1 - Measured stresses at Girder E due to passage of test truck  
(Data collected after first hole was drilled in the shelf plate) 
 
As can be seen in Figures 4.1 through 4.3 and Table 4.1, the greatest stress and 
stress range is produced adjacent to the hole (see CH_41) when the test truck is located in 
lane one. 
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Figure 4.2 - Stresses at strip gage installed adjacent to hole in southwest corner shelf plate 
of girder E.  (Test truck located in lane two, crawl speed) 
 
Figure 4.3 - Stresses at strip gage installed adjacent to hole in southwest corner 
shelf plate of girder E.  (Test truck located in lane three, crawl speed) 
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With the test truck located in lanes one or two, the response is as expected, 
stresses adjacent to the weld toe are greatest and quickly decrease as the distance away 
from the weld toe increases.  However, when the test truck is positioned in lane three, a 
small, though apparent stress reversal is observed in the gages immediately adjacent to 
the weld toe (CH_41 & CH_42).  Note that the gages away from the weld toe do not 
undergo a similar reversal in stress.  This suggests that the web is subjected to reverse 
curvature within a very short length.  The center-to-center distance between channels 
CH_41 and CH_50 is 0.72 inches.  However, the reversal in stress is only observed in 
channels CH_41 and CH_42, which are spaced at 0.08 inches center to center.   
 
4.1.1.1 Results of Tests Conducted with Two Trucks 
After measurements were made using the single test truck, additional crawl tests 
were conducted using two trucks.  These tests were conducted using the Reach-All under-
bridge inspection unit and the test truck (See Table 3.5 and Figure 3.1).  These tests were 
conducted in response to indications that two trucks were crossing the span at the time of 
failure.   
 
 
Figure 4.4 - Stresses at strip gage installed adjacent to hole in south west corner of shelf 
plate of girder E.  (Test trucks located in lanes one and two, crawl speed) 
 
 
Figure 4.4 illustrates the response measured adjacent to the hole in the shelf plate 
with the two trucks in lanes one and two.  Specifically, the test truck and Reach - All 
were located side-by-side in lanes one and two respectively.  As expected, the measured 
stress increased adjacent to the hole.  The results of these tests are summarized in Table 
4.2.  It is worth noting that a comparison of Tables 4.1 and 4.2 indicate that stresses can 
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be superimposed to reasonably estimate the effect of multiple lanes loaded.  In other 
words, adding the effects of the test truck in lane one and lane two (Table 4.1), yields 
results that are nearly equal to the effects of the two test trucks positioned side-by-side 
(Table 4.2).  This is expected since the overall geometry and GVW of the trucks was very 
similar. 
 
 
Crawl Tests – Static Stress4 
(ksi) 
Crawl Tests - Stress Range 
Sr (ksi) 
Chan # Gage 
Lane 
1&2 
Side by 
Side 
(2712)1 
Lane 
1&2 
Stag.3 
(5100)1 
Lane 
2&3 
Side by 
Side 
(3900)1 
Lane 
2&3 
Stag.3 
(3300)1 
Lane 
1&2 
Side by 
Side 
Lane 
1&2 
Stag.3 
Lane 
2&3 
Side by 
Side 
Lane 
2&3 
Stag.3 
CH_41 4.23 3.12 1.19 2.06 4.51 3.50 1.67 2.41 
CH_42 3.47 2.72 1.32 1.87 3.67 2.99 1.62 2.01 
CH_43 2.65 2.17 1.62 1.81 2.86 2.32 1.71 1.73 
CH_43 2.42 2.03 1.96 1.87 2.73 2.30 1.98 1.93 
CH_45 1.79 1.44 1.84 1.39 1.98 1.74 2.00 1.46 
CH_46 1.60 1.36 2.18 1.39 1.73 1.56 2.18 1.64 
CH_47 1.20 0.97 2.26 1.25 1.59 1.27 2.47 1.74 
CH_48 Bad Channel 
CH_49 0.71 0.54 1.73 0.84 1.05 0.92 1.99 1.53 
CH_50 
Strip 
gage at 
first hole 
drilled in 
shelf 
plate – 
(south 
west 
side) 
0.50 0.58 0.97 0.38 0.58 0.61 1.05 0.72 
CH_71 0.62 0.57 0.89 0.43 0.75 0.65 0.98 0.89 
CH_722 -1.70 -1.05 -0.55 -0.97 1.76 1.25 0.84 1.20 
CH_73 
East  
strut 
0.48 0.42 0.71 0.34 0.54 0.46 0.77 0.70 
CH_74 Bad Channel 
CH_752 -0.06 0.00 -0.20 -0.15 0.30 0.21 0.29 0.20 
CH_76 
S.E. 
diagonal 
-0.07 -0.20 0.52 0.27 0.72 0.52 0.74 0.49 
CH_77 0.73 0.25 0.85 0.56 0.85 0.52 0.94 0.63 
CH_78 0.55 0.15 0.63 0.44 0.67 0.45 0.66 0.47 
CH_792 
West 
strut 
0.36 -0.25 -1.25 -0.56 0.74 0.78 1.32 1.27 
CH_80 0.30 0.30 0.07 0.17 0.39 0.41 0.27 0.27 
CH_81 0.83 0.80 0.17 0.50 1.01 0.92 0.66 0.65 
CH_822 
S.W. 
diagonal 
-0.27 -0.28 -0.14 -0.20 0.35 0.36 0.31 0.27 
CH_83 4.36 3.64 3.17 2.55 4.94 4.17 3.62 2.97 
CH_84 3.19 2.56 4.67 2.82 3.66 3.14 5.18 3.84 
CH_85 2.86 2.26 4.93 2.61 3.45 2.88 5.58 4.11 
CH_86 
Web at 
gusset 
weld toes 
5.66 4.47 4.42 3.84 6.26 5.05 5.00 4.19 
CH_87 Web 1.24 1.02 1.24 0.90 1.40 1.20 1.47 1.17 
CH_88 Bot. flng 2.02 1.62 2.20 1.46 2.26 1.92 2.48 1.77 
Notes: 
1. Refers to the specific scan number for the listed data. 
2. Gage located on web of WT 
3. “Stag” refers to test trucks being in different lanes but not side-by-side as described in Section 3.0 (i.e., 
staggered). 
4. Data were averaged with five data before and after scan number listed (S/R = 100Hz) 
 
 
Table 4.2 - Measured stresses at Girder E as two trucks passed at crawl speeds  
(Data collected after first hole was drilled in the shelf plate) 
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4.1.2 Effects of Second Hole in Shelf Plate 
Upon completion of the testing described in Section 4.1.1, a second hole was 
drilled in the shelf plate at the south east corner adjacent to the transverse connection 
plate.  A ten-channel strip gage was then installed adjacent to the hole.  The channel 
numbers of this gage were CH_51 through CH_60, with channel CH_51 located adjacent 
to the weld toe of the transverse connection plate.  Crawl tests were conducted with the 
test truck located in lanes one through three.  Only one dynamic test was conducted with 
the test truck in lane one due to limitations on time. 
Figure 4.5 compares the stresses produced adjacent the first hole before and after 
the second hole was drilled in the shelf plate.  The data presented are for CH_41, CH_45, 
and CH_50 for a test in which the test truck was positioned in lane one. 
 
 
Figure 4.5 - Comparison of measured stresses at Girder E as test truck passed before and 
after second hole was drilled in shelf plate 
(Crawl speed test truck in lane one) 
 
 
As can be seen in Figure 4.5, the stress range increases in all three gages, although 
the increase is slight in CH_50.  Though not shown, a review of all ten channels on the 
strip gage exhibited the similar increases in stress for all three lane positions.  It is 
thought that the rise in stress range is primarily the result of an increase in out-of-plane 
displacements due to increased local flexibility of the web.  It should be noted that the 
response of strain gages at other locations, such as on bracing members and the girder 
were essentially identical and unaffected by the addition of the second hole in the shelf 
plate, as expected. 
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Crawl Tests – Static Stress3 
(ksi) 
Crawl Tests - Stress Range 
Sr (ksi) Chan # Gage 
Lane 1 
(2850)1 
Lane 2 
(3225)1 
Lane 3 
(3275)1 Lane 1 Lane 2 Lane 3 
CH_41 3.19 2.39 -1.20 3.53 2.44 1.94 
CH_42 3.01 2.10 -0.92 3.35 2.12 1.76 
CH_43 2.86 1.76 -0.41 2.75 1.83 1.19 
CH_43 2.30 1.84 -0.08 2.69 1.94 1.09 
CH_45 1.72 1.62 0.24 1.97 1.76 0.97 
CH_46 1.66 1.72 0.38 1.75 1.73 1.05 
CH_47 1.04 1.44 0.79 1.29 1.59 1.25 
CH_48 Bad Channel 
CH_49 0.44 0.87 0.83 0.77 1.10 1.32 
CH_50 
Strip 
gage at 
1st hole 
drilled in 
shelf 
plate – 
(south 
west 
side) 
0.03 0.59 0.62 0.53 0.65 0.90 
CH_51 -0.55 0.40 1.83 0.70 0.87 2.17 
CH_52 -0.84 0.96 3.24 1.20 1.37 3.51 
CH_53 -0.14 1.08 2.82 1.02 1.58 3.15 
CH_54 0.26 1.19 2.27 0.75 1.43 2.50 
CH_55 0.64 1.45 2.14 1.04 1.70 2.34 
CH_56 0.93 1.39 1.61 2.24 1.75 1.97 
CH_57 1.70 1.65 0.35 2.26 2.07 1.07 
CH_58 1.29 1.67 0.57 1.99 1.87 1.11 
CH_59 1.46 1.65 1.12 1.87 1.97 1.46 
CH_60 
Strip 
gage at 
2nd hole 
drilled in 
shelf 
plate – 
(south 
east 
side) 
0.71 1.53 1.42 1.84 1.91 1.95 
CH_71 0.25 0.37 0.43 0.31 0.44 0.55 
CH_722 -0.82 -0.79 0.29 0.86 0.80 0.58 
CH_73 
East  
strut 
0.17 0.29 0.35 0.21 0.32 0.46 
CH_74 -0.17 0.10 0.49 0.38 0.37 0.59 
CH_752 0.01 -0.05 -0.15 0.13 0.16 0.17 
CH_76 
S.E. 
diagonal 
-0.12 0.10 0.43 0.36 0.39 0.55 
CH_77 0.23 0.45 0.33 0.51 0.50 0.44 
CH_78 0.17 0.34 0.25 0.42 0.38 0.28 
CH_792 
West 
strut 
0.63 -0.32 -0.90 0.69 0.42 0.97 
CH_80 0.20 0.10 -0.06 0.27 0.14 0.19 
CH_81 0.51 0.29 -0.17 0.67 0.34 0.45 
CH_822 
S.W. 
diagonal 
-0.15 -0.12 0.01 0.21 0.18 0.19 
CH_83 2.03 2.09 0.90 2.37 2.39 1.19 
CH_84 1.07 2.03 2.60 1.47 2.30 2.96 
CH_85 0.70 2.17 2.59 0.85 2.47 3.00 
CH_86 
Web at 
gusset 
weld toes
2.81 2.85 1.32 3.22 3.07 2.00 
CH_87 Web 0.54 0.68 0.60 0.64 0.82 0.68 
CH_88 Bot. flng. 0.80 1.18 0.96 0.98 1.34 1.18 
Notes: 
1. Refers to the specific scan number for the listed data. 
2. Gage located on web of WT 
3. Data were averaged with five data before and after scan number listed (S/R = 100Hz). 
 
 
Table 4.3 - Measured stresses at Girder E due to passage of test truck  
(Data collected after second hole was drilled in the shelf plate) 
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The two strip gages were installed as close as possible to the south weld toe of the 
fillet weld for the connection plates on each side of the web.  However, the gages were 
not necessarily positioned exactly in-line with each other (i.e., they were not precisely 
back-to-back).  Nevertheless, the data can be used to estimate if the response in the gap is 
dominated by in-plane or out-of-plane stresses. 
Figure 4.6 compares data from channels CH_41, CH_45, and CH_50 located on 
the west side of the web with Channels CH_52, CH_55, and CH_60 located on the east 
side of the web.  The data are from a crawl run with the test truck in lane one. 
 
 
 
Figure 4.6 - Comparison of measured stresses on east and west strip gages on web of 
Girder E as test truck passed after second hole was drilled in shelf plate 
(Crawl speed test truck in lane one) 
 
 
Figure 4.6 indicates that out-of-plane stresses dominate the stress cycle, most 
notably, adjacent to the weld toe of the vertical connection plate.  This behavior is seen 
by comparing CH_41 (which is dominated by tension stress) with channel CH_52 (which 
is dominated by compression stress).  These gages are nearly back-to-back, hence the 
opposite sign in stress indicates bending stress in the web at this locations.  However, 
with increasing distance away from the weld toe, the bending seems to reverse in sign 
(compare CH_50 and CH_60).  Hence it appears that the section of the web is subjected 
to reverse curvature within the length of the gap created by the holes.  Figure 4.7 is a plot 
of the same gages, but for the case with the test truck passing in lane three.  Note, 
essentially the same behavior is observed as in Figure 4.6, but opposite for the east and 
west sides of the web.  The observed behavior is not unreasonable since the test truck is 
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on the opposite side of girder E when in lane three as compared to lane one.  Although 
not shown here, when the test truck is in lane two, the response at both the east and west 
strip gage are primarily in-plane.   
 
 
 
Figure 4.7 - Comparison of measured stresses on east and west strip gages on web of 
Girder E as test truck passed after second hole was drilled in shelf plate 
(Crawl speed test truck in lane three) 
 
 
The above data emphasizes the potential for higher stress ranges when the 
variable amplitude spectrum is considered.  The effects of multiple trucks in different 
lanes will produce higher stress ranges than observed with the test trucks.  Long-term 
monitoring for a period of three months should provide sufficient data to reasonably 
characterize these effects. 
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4.1.3 Effects of Third and Fourth Hole Drilled in Shelf Plate 
A third and fourth hole were drilled in the shelf plate on the north side of the 
transverse connection plates (See drawings in Appendix A).  Additional strip gages were 
added at these locations as well.  However, only five channel strip gages were installed 
adjacent to each hole.  (Five channel strip gages are obtained by cutting a ten-channel 
strip gage in half.)  For these tests, only three of the five gages were connected, 
specifically gages 1, 3, and 5.  A reduced number of channels within the strip gage were 
used because the strain gradients were well defined by the other two ten-channel strip 
gages installed.  CH_61, CH_62, and CH_63 were installed on the north west side of the 
shelf plate with channel CH_61 being placed adjacent to the weld toe of the transverse 
connection plate.  CH_64, CH_65, and CH_66 were installed on the north east side of the 
shelf plate with channel CH_64 being placed adjacent to the weld toe of the transverse 
connection plate.  Specific details related to the actual position of these gages can be 
found in the gage planes included as Appendix A. 
As previously stated, the effects of these two additional holes on channels CH_41 
– CH_50 will be discussed.  
 
 
Figure 4.8 – Effects of drilling holes in shelf plate on 
measured stresses at channel CH_41 
 
 Figure 4.8 indicates that the stress at channel CH_41 did not change after the 3rd 
and 4th holes were added in the shelf plate (the data prior to adding the 2nd hole is plotted 
for information).  A review of data from all other channels indicates that the 3rd and 4th 
holes had little to no effect on measured stresses adjacent to the first two holes (i.e., 
CH_41-50 and CH_51-60).  This was also true for all lane positions.   
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4.2 Girder E - Results of Park Tests 
After all the installation of the third and fourth holes in the shelf plate and all 
crawl and dynamic tests were completed, a series of park tests were conducted.  During 
these tests, the rear tandem of the test truck was centered over floorbeam 5 and the truck 
was stopped while data were collected.  These data are useful for comparison and 
calibration of future finite element models of the bridge.  Calculated brace forces are 
summarized in Table 4.4.  Measured stresses for all channels are summarized in Tables 
4.5a & 4.5b.  The section properties of the WT12x55 are included in Appendix D. 
 
 
Location Parameter Lane 1 Lane 2 Lane 3 
Axial Stress (ksi) 0.36 0.14 -0.10 
Axial Force (kips) 5.87 2.23 -1.54 
Avg. Bot Flange 
Stress (ksi) 0.24 0.35 0.28 
West Strut 
(CH 77, 78, & 79) 
Bending Mom. 
(K-in) 18.36 26.54 21.58 
Axial Stress (ksi) 0.18 0.08 -0.06 
Axial Force (kips) 2.99 1.34 -0.96 
Avg. Bot Flange 
Stress (ksi) 0.71 0.37 -0.19 
South West 
Diagonal 
(CH 80, 81, & 82) 
Bending Mom. 
(K-in) 53.83 28.04 -14.49 
Axial Stress (ksi) -0.13 -0.04 0.39 
Axial Force (kips) -2.11 -0.64 6.32 
Avg. Bot Flange 
Stress (ksi) 0.22 0.31 0.39 
East Strut 
(CH 71, 72, & 73) 
Bending Mom. 
(K-in) 16.86 23.26 29.88 
Axial Stress (ksi) -0.09 0.03 0.27 
Axial Force (kips) -1.41 0.43 4.38 
Avg. Bot Flange 
Stress (ksi) -0.14 0.06 0.47 
South East 
Diagonal 
(CH 74, 75, & 76) 
Bending Mom. 
(K-in) -10.85 4.77 35.37 
 
 
Table 4.4 – Measured stress components and calculated force components in 
lateral members attached to interior girder E 
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Crawl Tests – Static Stress 
(ksi) Chan # Gage 
Lane 1 
(7000)1,3 
Lane 2 
(6000)1,3 
Lane 3  
(6500)1,4 
CH_41 3.49 2.00 -1.19 
CH_42 3.14 1.88 -0.89 
CH_43 2.52 1.63 -0.44 
CH_43 2.46 1.69 -0.11 
CH_45 1.70 1.35 0.20 
CH_46 1.37 1.28 0.59 
CH_47 1.09 1.14 0.88 
CH_48 Bad Channel 
CH_49 0.38 0.69 1.07 
CH_50 
Strip gage at 1st 
hole drilled in 
shelf plate 
(south west side) 
0.09 0.28 0.72 
CH_51 -0.87 0.64 3.67 
CH_52 -0.66 0.99 3.45 
CH_53 -0.17 0.94 2.94 
CH_54 0.14 0.95 2.33 
CH_55 0.69 1.34 2.00 
CH_56 Bad Channel 
CH_57 1.99 1.54 0.40 
CH_58 1.64 1.50 0.71 
CH_59 1.58 1.63 1.16 
CH_60 
Strip gage at 2nd 
hole drilled in 
shelf plate  
(south east side) 
1.33 1.39 1.67 
CH_61 1.96 1.49 0.13 
CH_62 1.26 1.08 0.51 
CH_63 
Strip gage at 3rd 
hole drilled in 
shelf plate  
(north east side) 1.25 1.08 0.51 
CH_64 -0.28 0.64 2.65 
CH_65 0.30 0.73 1.66 
CH_66 
Strip gage at 4th  
hole drilled in 
shelf plate  
(north east side) 0.74 0.93 1.13 
 
Notes: 
1. Refers to the specific scan number for the listed data. 
2. Gage located on web of WT 
3. Data were averaged with ten seconds data before and after scan number listed. 
4. Data were averaged with five seconds data before and after scan number listed. 
 
Table 4.5a – Measured stress from crawl tests with test truck in each lane 
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Park Tests – Static Stress (Cont’d) 
(ksi) Chan # Gage 
Lane 1 
(7000)1,3 
Lane 2 
(6000)1,3 
Lane 3  
(6500)1,4 
CH_71 0.26 0.35 0.43 
CH_722 -0.84 -0.73 0.38 
CH_73 
East  
strut 
0.19 0.26 0.36 
CH_74 -0.17 0.05 0.49 
CH_752 0.02 -0.05 -0.12 
CH_76 
S.E. diagonal 
-0.11 0.08 0.44 
CH_77 0.27 0.41 0.33 
CH_78 0.21 0.29 0.24 
CH_792 
West  
strut 
0.60 -0.29 -0.85 
CH_80 0.19 0.09 -0.04 
CH_81 0.51 0.28 -0.15 
CH_822 
S.W.  
diagonal 
-0.16 -0.12 0.01 
CH_83 2.08 2.07 0.91 
CH_84 1.10 1.91 2.53 
CH_85 0.81 2.07 2.50 
CH_86 
Web at gusset 
weld toes 
2.88 2.74 1.23 
CH_87 Web 0.55 0.69 0.59 
CH_88 Bot. flng. 0.84 1.11 0.99 
Notes: 
1. Refers to the specific scan number for the listed data. 
2. Gage located on web of WT 
3. Data were averaged with ten seconds data before and after scan number listed.  The sampling rate was 
100Hz/channel. 
4. Data were averaged with five seconds data before and after scan number listed.  The sampling rate was 
100Hz/channel. 
 
 
 
Table 4.5b – Measured stress from crawl tests with test truck in each lane 
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4.3 Girder F – Results of Crawl Tests 
In order to gain some information pertaining to the stresses adjacent to the shelf 
plate detail of an exterior girder, strain gages were installed on girder F.  Two ten-channel 
strip gages were installed on the exterior face of the girder web directly opposite the shelf 
plate and across the web gap.  In addition, gages were installed at the ends of the shelf 
plate, on the lateral WT members, and the flange & web of the girder. 
As previously stated, these gages were located at the mid-depth of the shelf plate 
and across the web gaps.  Geometric measurements were made in order to verify if the 
shelf plate was a constant distance off of the bottom flange.  The height of the shelf plate 
was six inches and varied by 1/8 of an inch.  It was essential that the strip gages on the 
exterior face be accurately located with respect to the shelf plate and the transverse 
connection plate.  In order to ensure accurate placement, two small holes were drilled six 
inches away from the transverse connection plate at different heights on the interior face.  
The distance between the holes and the connection plate on the interior face was 
measured.  By transferring this offset to the exterior face, the exact location of the 
transverse connection plate could be established.  A similar approach was used to locate 
the exact location of the shelf plate.  Although these gages are located on the exterior face 
of the web, they will provide some information related to the increases in stress at this 
location.  The gages are also useful for calibration and confirmation of the finite element 
model being prepared by FHWA.   
After all instrumentation was installed, crawl and dynamic tests were conducted 
using a single test truck.  Upon completion of the tests, a 1.75 inch diameter hole was 
drilled in the shelf plate on the northwest corner of the shelf plate, as shown in Figure 4.9.  
A second group of crawl and dynamic tests were then conducted in order to establish the 
effect of the hole.   
 
 
Figure 4.9 - Detail of hole drilled in shelf plate adjacent to web of girder F 
Web 
Shelf 
Plate 
Connection 
Plate 
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4.3.1 Main Girder Response 
Uniaxial strain gages were installed on the bottom of the bottom flange of the 
girder F (CH_32) and on the web (CH_31) 36 inches above the bottom flange.  Figure 
4.10 compares the response of CH_32 installed on the bottom flange of girder F as the 
test truck passed in each lane.  As expected, stresses are greatest when the test truck is 
located in lane three (closest to girder F).  A small reversal in stress occurs as a result of 
the negative moments produced as the truck continues into the adjacent continuous span 
(See t = 80 seconds in Figure 4.10).  Time history data from all crawl tests conducted at 
Girder F are included in Appendix F. 
 
 
 
Figure 4.10 - Comparison of measured stress at channel CH_32 located on bottom 
flange of girder F as the test truck passed in each lane (crawl speed) 
 
 
Gages were also installed on the web of the girder (See Appendix A) in order to 
estimate the location of the neutral axis and determine the bending moment in the girder.  
Figure 4.11 presents the response for channels CH_31 and CH_32 as the test truck passed 
in lane 3.  A closer review of the data in Figure 4.11 indicated that the ratio between 
stresses measured at channel CH_31 and CH_32 was not constant.  This implies that the 
location of the neutral axis varied.  Similar response has been observed in other plate 
girder bridges.  This observation may partly be the result of out-of-plane bending in the 
web plate, which would also produce a similar result.  It should be noted that the Hoan 
Bridge was designed as a non-composite bridge.  Because only a single gage was 
installed on the web, it is not known what percent of the stress cycle is the result of out of 
plane bending.  It should also be noted that the small magnitude of stress in the web (less 
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than 0.4 ksi) would tend to “magnify” the apparent shift in the neutral axis.  This is 
because small changes in the magnitude of stress in the web result in large percentage 
changes stress and hence the calculated location of the neutral axis.  Considering the 
above, it would be best to calculate the bending moment in the girder when the flange 
stress and web stress are maximum. 
 
 
 
Figure 4.11 - Measured stress in bottom flange and web of girder F 
with test truck in lane 3 (crawl test) 
 
CH_32  (Bot Flange) 
CH_31  (Web) 
Seconds 
St
re
ss
 (k
si
) 
 31
4.3.2 Measured Stress at Ends of Shelf Plate 
Uniaxial strain gages were installed at each end of the shelf plate on both sides of 
the web of girder F.  Figure 4.12 is a photograph of channel CH_21 located on the south 
west corner of the shelf plate.  Details pertaining to the location of these gages are 
included in the gage plans in Appendix A.  Time history data from all crawl tests 
conducted at Girder F are included in Appendix F. 
 
 
 
 
 
Figure 4.12 - Photographs of a typical strain gage installed at termination of shelf plate 
(Channel CH_21 shown) 
 
 
 As previously mentioned, strain gages were installed on each side of the web (i.e., 
back-to-back) so that the strain gradient through the thickness of the web could be 
determined at these locations.  The gages were positioned by making precise 
measurements using the holes drilled in the web and other reference points as previously 
discussed.   
 The shelf plate is a longitudinal attachment parallel to the primary bending stress 
field of the girder.  At the end of the shelf plate, a stress concentration exists due to the 
termination of the attachment.  Due to this stress concentration, the potential for fatigue 
cracking at the weld toe on the web is increased.  The FE model developed by FHWA as 
part of the failure investigation also indicated that an increase in stress occurs at this 
location.   
The shelf plate is only present on the interior of girder F.  As a result, the increase 
in stress due to the termination of the shelf plate is most pronounced on the same side as 
the attachment.  Comparing back-to-back gages at these locations reveals that a 
substantial difference in longitudinal web stress exists between the inside and outside 
faces of the web.  Note that it is not appropriate to assume that the difference in stress in 
entirely the result of out-of-plane bending.  A portion of the difference is the result of the 
stress concentration only being present on one side of the web.   
Weld Toe 
Shelf Plate
Web 
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The maximum stresses were observed when the test truck was positioned in the 
outside lane, as expected.  Figure 4.13 is a time history plot of measured stresses at 
channels CH_21, CH_22, CH_23, and CH_24 as the test truck passed in lane 3.  It is 
clear from Figure 4.13 that stresses are highest on the west or interior face of the web.  As 
discussed above, this results from combined out-of-plane stresses and the stress 
concentration at the end of the shelf plate.   
 
 
 
Figure 4.13 measured stresses at ends of gusset plate on girder F 
Test truck in lane 3 traveling at crawl speed 
 
 
Using the data presented in Figure 4.13 , an estimate of the nominal in-plane 
stress at the mid-depth of the shelf plate was calculated.  This calculation was made 
assuming that measured stresses at channels CH_31 and CH_32 are predominantly the 
result of in-plane bending of the girder.  Using a linear strain distribution, the stress at the 
end of the shelf plate was estimated.  This calculation also assumes that the maximum 
moment produced at the section where channels CH_31 and CH_32 are located is the 
same as at the ends of the shelf plate.  (All gages are within a few feet of each other.  
Considering the span length, this assumption is reasonable.)  The data suggest that the 
maximum in-plane stress due to bending would be about 0.9 ksi.   
As can be seen in Figure 4.13, the stress produced on the exterior face of the web 
(channels CH_22 & CH_24) are somewhat less than the predicted values.  It is worth 
noting that channels CH_22 and CH_24 do not indicate compressive stresses are 
produced during the primary stress cycle.  The in-plane bending stresses at the south and 
north ends of the shelf plate were calculated from the gages to be 1.6 ksi and 1.1 ksi, 
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respectively.  These stresses are greater than calculated using channels CH_31 and 
CH_32.   
The apparent larger in-plane stress component is most likely the result of the 
stress concentration at the end of the shelf plate.  The effects of the stress concentration at 
the ends of the shelf plate increase stresses primarily on the interior face only.  As a 
result, there is an artificial increase in the apparent in-plane stress component.  Reviewing 
the data suggests that the magnitude of the out-of-plane bending is comparable to the 
increase due to the stress concentration at the ends of the shelf plate.  It must be noted 
that the magnitude of the stresses under consideration are small at almost all locations.  
Hence, it is more difficult accurately define the causes for the observed behavior. 
 
4.3.3 Stress on Exterior Face of Web Opposite Web Gaps – No Hole in Shelf Plate 
Bondable ten channel strip gages were installed on the exterior face of girder F as 
shown in Figure 4.14.  These gage were positioned across the web gaps in order obtain 
information pertaining to the magnitude of stresses in the web gap on the interior face of 
the web.  Due to limited clearance, gages could not be installed on the interior face.  
Although these gages do not directly measure the web gap stress, they do provide some 
insight into the magnitude of the stress range at the detail.  In addition, these gages can 
also be used to calibrate and verify the FE model built by FHWA.  The exact locations of 
these gages are provided in the gage plans contained in Appendix A.  Time history data 
from all crawl tests conducted at Girder F are included in Appendix F. 
 
 
 
 
Figure 4.14 - Photographs of strip gages installed on exterior face of girder F. 
Gages were placed in-line with shelf plate and across the web gaps on interior face 
Web  
Flange 
C.L. Transverse 
Connection Plate 
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The largest stress ranges were consistently produced when the test truck was 
position in lane 3, nearest to girder F.  Figures 4.15a & 4.15b present the response from 
selected elements of each the strip gage.  Specifically, channels CH_1 & CH_10 and 
CH_11 & CH_19 from each gage are plotted.  Channel CH_1 and CH_11 are located 
nearest the weld toe of the transverse connection plate.  As seen in Figures 4.15a and 
4.15b, these gages are subjected to the largest stress range for all lane positions.  The 
maximum stress range for these two channels is also similar.  The response at channels 
CH_10 and CH_19 are quite different however when the test truck passed in lane 1.  A 
small stress reversal was observed at channel CH_19 when the test tuck passed in lane 1 
indicating the out-of-plane bending produced.  Although not plotted, the stress reversal 
was less at channel CH_20 than at CH_18 and CH_19.  This indicates a considerable 
strain gradient along the length of the gage (i.e., from channel 11 to channel 20).   
 
 
Figure 4.15a - Measured stresses at channels CH_1 and CH_10 in south strip gage 
installed on the exterior face of girder F 
 
 
As can be seen in the gage plans (see Appendix A), the strip gage with channels 
CH_1 to CH_10 did not bridge the entire web gap.  As indicated by Figure 4.15a, the 
magnitude of the stress range decreased quickly along the length of the gage (i.e., from 
CH1 to CH_10).  Extrapolating these measurements and referring the observation in 
Figure 4.15b (i.e., channels CH_11 to CH_20) suggests that stress reversals, although not 
measured, likely occurred between channel CH_10 and the end of the shelf plate within 
the web gap.   
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It is again emphasized that the strip gages were mounted on the opposite face of 
the actual web gap.  As a result, the stresses within the web gap are greater than at the 
gage location.   
 
 
Figure 4.15b - Measured stresses at channels CH_11 and CH_19 in south strip gage 
installed on the exterior face of girder F 
 
 
Data from each channel of the strip gages are plotted in Figure 4.16 as a function 
of the location of the gage on the web.  The locations of the web gaps, connection plate 
welds, and transverse connection plate are located in the Figure 4.16.  The data from 
channel CH_2 are not plotted since it is believed that this individual channel was not 
operating properly for this test.  The strain gradients along the gages on the front face of 
the web are easily seen in the plot.  A more abrupt gradient is also apparent at the smaller 
web gap to the right in the Figure 4.16. 
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Figure 4.16 - Measured stresses along the exterior face of girder F as test truck passed in 
lane 3.  Data are peak stress values at the same instant in time. 
 
 
-2.00
-1.00
0.00
1.00
2.00
3.00
4.00
5.00
-2.00 -1.50 -1.00 -0.50 0.00 0.50 1.00 1.50
Web Gap Trans. Conn 
Plate
WeldWeld
Web 
Gap 
 37
4.3.4 Stress on Exterior Face of Web Opposite Web Gaps – Hole in Shelf Plate 
Upon completion of the crawl and dynamic tests, a hole was drilled in the shelf 
plate as shown in Figure 4.9 and the crawl tests were repeated.  The addition of the hole 
had no effect on measured stresses in the main girder or lateral bracing system.  
However, the hole did influence measured stresses at the exterior surface of the web at 
the strip gages.  As expected, stresses were primarily affected directly opposite the hole 
(i.e., channels CH_11 to CH_20).   
 
 
Figure 4.17 - Comparison of measured stresses for channels CH_11, CH_15, and CH_19 
before and after the hole was drilled in the shelf plate.  Test truck in lane 3, crawl speed. 
 
 
Figure 4.17 is a plot comparing peak stresses before and after the hole was drilled 
for channels CH_11, CH_15 and CH_19.  The test truck was located in lane 3 and passed 
at crawl speeds.  The most notable difference is observed at channels CH_15 and CH_19.  
At channel CH_15, there was a considerable increase in the magnitude of measured 
stresses.  The measured stress range increased from about 0.7 ksi to about 3.7 ksi after the 
hole was drilled.  The behavior at channel CH_19 also changed dramatically after the 
hole was drilled.  The magnitude of the stress-range cycle changed from being mostly 
compression to being completely tension and also much higher in magnitude.  
Table 4.6 summarizes and compares measured peak stresses and stress ranges for 
girder F before and after the hole was drilled in the shelf plate.  The data in Table 4.6 
were measured when the test truck was located in lane 3.  The largest stresses were 
produced when the test truck was positioned in lane 3.  
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Crawl Tests – Static Stress3 
Test Truck in Lane 3 (ksi) 
Crawl Tests - Stress Range Sr 
Test Truck in Lane 3 (ksi) 
Chan # Gage Location Before Hole 
(4660)1 
After Hole 
(4560)1 Before Hole After Hole 
CH_1 3.87 3.23 4.0 3.4 
CH_2 2.15 1.82 2.2 1.9 
CH_3 3.32 2.71 3.3 2.8 
CH_4 3.05 2.77 3.3 2.9 
CH_5 3.00 2.67 3.2 2.8 
CH_6 2.71 2.39 3.0 2.5 
CH_7 2.46 2.13 2.7 2.3 
CH_8 2.17 1.94 2.4 2.1 
CH_9 1.75 1.56 2.0 1.7 
CH_10 
Strip gage on 
web plate  
 
South east 
gage 
1.64 1.37 1.9 1.5 
CH_11 3.58 4.13 4.0 4.4 
CH_12 3.32 4.08 3.4 4.5 
CH_13 2.41 3.85 2.6 4.1 
CH_14 1.72 3.65 1.8 3.9 
CH_15 0.64 3.67 0.8 4.0 
CH_16 -0.16 3.09 0.1 3.2 
CH_17 -0.76 2.69 0.7 2.9 
CH_18 -1.01 2.13 1.2 2.3 
CH_19 -1.06 1.73 1.0 1.8 
CH_20 
Strip gage on 
web plate  
 
North east 
gage 
-0.42 1.10 0.8 1.2 
CH_214 S.W Int. 3.21 3.23 3.6 3.7 
CH_224 S.E Ext. 0.11 -0.01 0.3 0.2 
CH_234 N.W Int. 1.67 1.77 2.1 2.1 
CH_244 N.E Ext. 0.54 0.40 0.6 0.5 
CH_25 -0.01 -0.04 0.3 0.3 
CH_26 0.07 0.05 0.3 0.3 
CH_272 
West strut 
1.50 1.55 1.6 1.6 
CH_28 0.37 0.36 0.5 0.5 
CH_29 0.37 0.38 0.5 0.5 
CH_302 
West  
diagonal 
-0.03 -0.01 0.1 0.1 
CH_31 0.32 0.17 0.4 0.2 
CH_32 
Girder 
1.01 1.01 1.2 1.2 
Notes: 
1. Refers to the specific scan number for the listed data.  The data presented were averaged with 10 data before 
and after the sample number listed.  The sampling rate was 100Hz/channel 
2. Gage located on web of WT 
3. Data were averaged with ten data before and after scan number listed. 
4. Gages at ends of shelf plate. 
 
Table 4.6 - Comparison of measured stresses for all channels on girder F before 
and after the hole was drilled in the shelf plate.  Test tuck in lane 3, crawl speed. 
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The data in Table 4.6 indicate an increase in stress, particularly at channels 
CH_11 although CH_20, after the hole was drilled in the shelf plate.  Also apparent in 
Table 4.6 is a decrease in stresses in channels CH_1 through CH_10, located on the other 
side of the transverse connection plate (See Appendix A for gage locations).  This 
observation is consistent with an increase in out-of-plane stress and rotation (about the 
transverse stiffener) as a result of increased flexibility due to the addition of the hole.  
The addition of the hole in the shelf plate will greatly decrease the amount of constraint 
present in the web at the termination of the shelf plate within the very small web gap.  
However, the hole also softens the connection.  As a result, the live-load stress range due 
to out-of-plane distortion increases, as confirmed by the measurements.  Hence, the 
potential for web gap cracking will increase by the addition of the holes.  These results 
are also consistent with the measurements at interior girder E. 
 
4.3.5 Girder F – Calculated Brace Forces 
Static (i.e., park) tests were not conducted for girder F.  However, brace forces 
were calculated for the crawl tests as the test truck crossed in each lane before the hole 
was drilled in the shelf plate.  These data are useful for comparison and calibration of 
future finite element models of the bridge.  Calculated brace forces are summarized in 
Table 4.7 for lane 3.  The data listed for the test in which the test truck was positioned in 
lane three correspond to the data listed in Table 4.6 prior to drilling the hole in the shelf 
plate.  (Only data from tests with the test truck in lane three are presented.  Time history 
plots of brace forces for all three lanes are included in Appendix E.)  The section 
properties of the WT12x55 are included in Appendix D.  Time history data from all crawl 
tests conducted at Girder F are included in Appendix F.  Only data from lane 3 are plotted 
since the largest stresses were measured for this position. 
 
 
Location Parameter Lane 11 Lane 21 Lane 31 
Axial Stress (ksi) Not Plotted Not Plotted 0.53 
Axial Force (kips) See App. E See App. E 8.49 
Avg. Bot Flange 
Stress (ksi) Not Plotted Not Plotted 0.03 
West Strut 
(CH 25, 26, & 27) 
Bending Mom. 
(K-in) See App. E See App. E 2.18 
Axial Stress (ksi) Not Plotted Not Plotted 0.24 
Axial Force (kips) See App. E See App. E 3.83 
Avg. Bot Flange 
Stress (ksi) Not Plotted Not Plotted 0.37 
South West 
Diagonal 
(CH 28, 29, & 30) 
Bending Mom. 
(K-in) See App. E See App. E 28.02 
Notes 
1. Time history plots for lanes 1 and 2 are included in Appendix E. 
 
 
Table 4.7 – Measured stress components and calculated force components in 
lateral members attached to interior girder F 
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4.3.6 Dynamic Tests – Girders E and F 
A series of dynamic tests were conducted at target speeds of 40 mph while data 
were collected separately for girders E and F.  Dynamic stress ranges were observed to be 
as high as 15% greater than measured for the equivalent static test.  However, for many 
tests and strain gages, the increase was much less.   
Comparison of the time history data indicates that there was negligible change in 
overall behavior or response except for a small sinusoidal vibration that remained after 
the test truck left the bridge.  The magnitude of the vibration was very small.  No 
additional discussion of the dynamic test data is will be made.  It should be noted that in 
service, the effects of higher truck speeds and multiple vehicles may result in higher 
dynamic amplification. 
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5.0 Summary and Conclusions 
Controlled load testing was conducted on a portion of the Hoan Bridge in 
Milwaukee, Wisconsin.  All instrumentation was installed on girders E, F, and associated 
brace members at floorbeam 5 of the north plate girder span adjacent to the arch.  This 
floorbeam corresponds to the location of the failed south span. 
 
The results of the measurements indicate the following: 
 
 Overall, the global behavior of the structure appeared as expected and no 
unusual behavior was observed during the controlled tests or uncontrolled 
monitoring. 
 
 The passage of a single truck produced one dominant stress-range cycle in the 
main girders at the areas of instrumentation.  Trucks in lanes nearest a girder 
produced in the greatest stress range. 
 
 Live load stresses adjacent to holes drilled in the shelf plate are relatively low.  
Measured stresses adjacent to the shelf plate were less then 5.0 ksi for a single 
test truck at both girder E and F.  The results from tests with the truck located 
in different lanes may be superimposed to obtain a reasonable estimate of the 
effects of multiple trucks positioned side-by-side. 
 
 Drilling holes in the shelf plate adjacent to the web/stiffener connection 
resulted in an increase in the live load stress range at both girder E and F due 
to softening of the connection by the addition of the holes. 
 
 Although the addition of the holes in the shelf plate reduces constraint and 
hence triaxiality, the increases in out-of-plane stress cycles on the influence on 
fatigue life should be considered. 
 
 Comparison of dynamic and crawl tests suggest a dynamic amplification of up 
to 15% at some locations.  However, less amplification was observed for most 
tests. 
 
 The measurements confirm that magnitude of the nominal live load stresses at 
the time of failure would have been consistent with those measured on other 
similar highway bridges  
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As Built Gage Plans 
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Time History Plots of Brace Forces 
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